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DESCRIPTION 



COMMUNICATION DEVICE AND COMMUNICATION METHOD 

5 

Technical Field 

[0001] The present invention relates to a communication 
apparatus and communication method, and more particularly , 
to a communication apparatus and communication method 
10 suitable for use in adaptive modulation. 

Background Art 

[0002 ] In recent years, in order to implement multimedia 
communication, information transmission schemes have 

15 been in need whereby large volume of information such 
as data and image, as well as speech, can be transmitted 
with high reliability at high speed. In particular, when 
transmission is carried out under an environment such 
as a mobile wireless transmission path where multipath 

20 fading, shadowing and the like may occur , it is an important 
issue to deal with these problems . 

[0003] As one of techniques to solve such a problem, there 
is an adaptive modulation technique for performing 
transmission and reception, changing a modulation scheme 
25 adaptively according to communication quality of the 
propagation path (for example, see Patent Document 1) . 
The adaptive modulation technique disclosed in Patent 
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Document 1 is directed to a TDMA-FDD (Time Division 
Multiple Access-Frequency Division Duplex) scheme, where 
a downlink to transmit signals from base stations to mobile 
stations and uplink to transmit signals from the mobile 
5 stations to the base stations are formed with 
time-division multiplexed channels with different 
frequencies, and each of the base stations and mobile 
stations estimates communication quality of a propagation 
path in a transmission frequency for the station from 

10 a received signal of the station, and determines a 
modulation scheme for the communicating party according 
to the estimation result. To be more specific, each of 
the base station and mobile station selects a modulation 
scheme that is able to keep a BER at equal to or smaller 

15 than a predetermined value and achieve the highest 
information transmission speed. 

[0004 ] Further, as an example of the method of selecting 
a modulation scheme according to an estimation result 
of communication quality, there is a method where a 

20 transmitting side transmits a transmission signal to 
which error correction codes are added, and a receiving 
side selects a modulation scheme based on a bit error 
rate (BER: Bit Error Rate) detected in error correction 
processing based on the error correction codes (for 

25 example, see Patent Document 2) . 

Patent Document 1: Japanese Patent No. 3240262 

Patent Document 2 : Japanese Patent Application Laid-Open 
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5 Problems to be Solved by the Invention 

[0005] However, with the above-mentioned technique, 
there is a case where the determination to switch between 
different modulation schemes is not made accurately, and 
an optimal modulation scheme cannot be selected. For 
10 example, even if determination to switch between 
modulation schemes is suitable in some communication 
environment, the determination may not be suitable in 
another communication environment. 

[0006] For example, in a communication system where a 
15 transmission signal is configured on a frame basis and 
communication is performed on the frame basis, when a 
Carrier to Noise Ratio (CNR) is selected as a parameter 
indicating communication quality of a propagation path, 
and an average value of the past N frames of CNRs is used 
20 as a criterion to switch the modulation scheme, the 
relationship between a fading pitch and the number of 
frames for averaging N that maximizes the transmission 
efficiency indicates a monotone increasing 

characteristic. Here, the fading pitch is an interval 
25 between points where the envelop of received wave 
substantially drops, and hertz (Hz) is used as a unit 
of the pitch. Accordingly, in a conventional adaptive 
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modulation scheme where a condition of one propagation 
path is assumed and the number of frames N is set at a 
fixed value, the transmission efficiency deteriorates 
when the propagation path condition changes. 
5 [0007 ] Further, for example, when the CNR is used as the 
communication quality to be a criterion for switching 
between modulation schemes, it is more difficult to 
estimate an accurate CNR as the fading pitch increases, 
and it is particularly difficult when there is a time 
10 synchronization error. As a result, switching between 
modulation schemes cannot be performed suitably, and 
there is a problem that the transmission efficiency 
deteriorates . 

[0008] Furthermore, when an FER (Frame Error Rate) is 
15 used as communication quality to be a criterion for 
switching between modulation schemes, in accordance with 
an increase of the fading pitch, a determination threshold 
tends to decrease that is used in determination to switch 
to a modulation scheme that maximizes the transmission 
20 efficiency. Accordingly, in the conventional adaptive 
modulation scheme where a condition of one propagation 
path is assumed and the threshold to switch between 
modulation schemes is set at a fixed value, there is an 
issue that transmission efficiency deteriorates when the 
25 propagation path condition changes. 

[0009] Thus, in the conventional technique for 
adaptively changing the modulation scheme according to 
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the communication quality of the propagation path, the 
case is not considered where the criterion for switching 
between modulation schemes changes when the propagation 
path condition changes. Therefore, it is not possible 
5 to select an optimal modulation scheme, and there is a 
problem that the transmission efficiency deteriorates, 
[0010] It is therefore an object of the present invention 
to provide a communication apparatus and communication 
method for selecting an optimal modulation scheme even 
10 when the propagation path condition changes, and 
improving the transmission efficiency. 

Means for Solving the Problem 

[0011] A communication apparatus of the present 
15 invention adopts a configuration provided with a 
propagation path condition estimator that estimates speed 
of a change in a propagation path condition, a 
communication quality estimator that changes a method 
of estimating the communication quality based on the speed 
20 of the change in the propagation path condition and 
estimates communication quality, a transmitter that 
transmits the communication quality estimated in the 
communication quality estimator to a communicating party, 
a receiver that receives data modulated in a modulation 
25 scheme determined based on the communication quality by 
the communicating party, and a demodulator that 
demodulates the data. 
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[0012] A communication apparatus of the present 
invention adopts a configuration provided with a 
propagation path condition estimator that estimates speed 
of a change in a propagation path condition, a 
5 communication quality estimator that changes an 
estimation method based on the speed of the change in 
the propagation path condition and estimates 
communication quality, a threshold setter that sets a 
criterion to select a modulation scheme for use in 

10 communication with a communicating party from a plurality 
of modulation schemes based on information of the speed 
of the change in the propagation path condition, a 
modulation scheme selector that selects a modulation 
scheme from the communication quality by the criterion 

15 set by the threshold setter, and a transmitter that 
transmits information indicating the selected modulation 
scheme to the communicating party. 

Advantageous Influence of the Invention 
20 [0013] According to the communication apparatus and 
communication method, in communication using adaptive 
modulation which adaptively switches between modulation 
schemes according to communication quality, by estimating 
speed of a change in a propagation path condition, 
25 determining a method of estimating the communication 
quality based on the speed of the change in the propagation 
path condition, determining a modulation scheme for use 
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in communication based on the communication quality 
estimated by the determined estimation method, and 
setting a threshold to select a modulation scheme based 
on the speed of the change in the propagation path condition, 
5 it is possible to select an optimal modulation scheme 
even when the propagation path condition changes, and 
improve the transmission efficiency. 

Brief Description of Drawings 
10 [0014] 

FIG.l is a block diagram illustrating a 
configuration of a communication system according to 
Embodiment 1 of the present invention; 

FIG. 2 is a block diagram illustrating a 
15 configuration of a first communication apparatus 
according to Embodiment 1 of the present invention; 

FIG. 3 is a block diagram illustrating a 
configuration of a second communication apparatus 
according to Embodiment 1 of the present invention; 
20 FIG. 4 is a view showing reception frames and 

fluctuations of a received signal level; 

FIG. 5 is a graph showing the relationship between 
the fading pitch and the number of frames for averaging; 

FIG. 6 is a graph showing the relationship between 
25 a CNR and a BE R in each modulation scheme; 

FIG. 7 is a block diagram illustrating another 
configuration of the second communication apparatus 
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according to Embodiment 1 of the present invention; 

FIG. 8 is a block diagram illustrating another 
configuration of the first communication apparatus 
according to Embodiment 1 of the present invention; 
5 FIG. 9 is a block diagram illustrating a 

configuration of a second communication apparatus 
according to Embodiment 2 of the present invention; 

FIG. 10 is ablock diagram illustrating configuration 
of the first communication apparatus according to 
10 Embodiment 2 of the present invention; 

FIG.11A is a transition view showing parameters for 
use in determination to switch between modulation schemes 
in Embodiment 2 of the present invention; 

FIG.11B is another transition view showing 
15 parameters for use in determination to switch between 
modulation schemes in Embodiment 2 of the present 
invention; 

FIG. 12 is a block diagram illustrating another 
configuration of the second communication apparatus 
20 according to Embodiment 2 of the present invention; 

FIG. 13 is a block diagram illustrating a 
configuration of a second communication apparatus 
according to Embodiment 3 of the present invention; 

FIG. 14 is a. block diagram illustrating a 
25 configuration of a first communication apparatus 
according to Embodiment 3 of the present invention; 

FIG. 15 is a transition view showing parameters for 
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use in determination to switch between modulation schemes 
in Embodiment 3 of the present invention; 

FIG. 16 is a graph showing the relationship between 
the fading pitch and frame error rate; and 
5 FIG. 17 is a block diagram illustrating another 

configuration of the second communication apparatus 
according to Embodiment 3 of the present invention. 

Best Mode for Carrying Out the Invention 

10 [0015] Embodiments of the invention will be described 
below in detail with reference to the accompanying 
drawings. In addition, in the Embodiments, sections with 
the same functions are assigned the same reference 
numerals without further explanations . 

15 [0016] (Embodiment 1) 

FIG.l is a block diagram illustrating a configuration 
of a communication system according to Embodiment 1 of 
the present invention. In the communication system in 
FIG.l, first communication apparatus 100 and second 

20 communication apparatus 200 perform radio communication 
using digital modulation. In addition, in this 

Embodiment , a communication path from first communication 
apparatus 100 to second communication apparatus 200 is 
referred to as downlink, and a communication path from 

25 second communication apparatus 200 to first communication 
apparatus 100 is referred to as uplink. 

[0017] First, a configuration of first communication 
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apparatus 100 will be described with reference to FIG. 2. 
In FIG. 2, reception processing section 102 receives a 
radio signal transmitted from second communication 
apparatus 200, converts the radio signal from the radio 
5 frequency into a baseband frequency, performs quadrature 
modulation and synchronization processing on the result, 
and extracts information of communication quality in 
downlink to output to adaptive modulation control section 
110. The information of communication quality includes, 
10 for example, a CNR (Carrier to Noise Ratio), BER (Bit 
Error Rate), FER (Frame Error Rate), PER (Packet Error 
Rate) and received signal intensity. 

[0018] Adaptive modulation control section 110 

determines a modulation scheme for use in downlink based 

15 on the information of communication quality outputted 
from reception processing section 102, and indicates the 
modulation scheme to adaptive modulation section 103. 
Threshold setting section 111 sets a determination 
threshold for use in determination to switch between 

20 modulation schemes to output to modulation scheme 
selection section 112. For example, modulation scheme 
selection section 112 compares a value of a CNR with the 
determination threshold, and thereby selects a modulation 
scheme for use in downlink. 

25 [0019] Adaptive modulation section 103 modulates using 
a predetermined modulation scheme a header portion 
including information, such as a modulation scheme 
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selected by adaptive modulation control section 110, 
transmission rate, data length, required for demodulation 
in second communication apparatus 200 and outputs the 
result to transmission processing section 101. Herein, 
5 the predetermined modulation scheme is determined fixedly 
in advance, and, for example, a BPSK or QPSK. Further, 
adaptive modulation section 103 modulates a payload 
portion including user data with the modulation scheme 
selected by adaptive modulation control section 110 and 
10 outputs the result to transmission processing section 
101 . 

[0020] Transmission processing section 101 performs 
transmission processing such as frequency conversion and 
power amplification on the transmission data modulated 

15 by adaptive modulation section 103, and transmits the 
result to second communication apparatus 200. 
[0021] Next, a configuration of second communication 
apparatus 200 will be described with reference to FIG. 3. 
Data is assumed to be transmitted on a predetermined frame 

20 basis in downlink. In FIG. 3, reception processing 
section 201 receives a signal transmitted from first 
communication apparatus 100, and performs on the received 
signal amplification processing, frequency conversion 
from the radio frequency to the baseband frequency, 

25 synchronization processing, quadrature demodulation and 
the like. Then, reception processing section 201 
demodulates a header portion of the received signal using 
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the predetermined modulation scheme (for example, a BPSK 
or QPSK) , extracts information indicating a modulation 
scheme used in a payload portion, and demodulates the 
payload portion using the modulation scheme indicated 
5 by the extracted information. Further, reception 
processing section 201 outputs a signal among signals 
obtained in steps of the reception processing to 
propagation path condition estimation section 210 and 
communication quality estimation section 220. Herein, 

10 it is assumed that an IQ vector signal subjected to 
quadrature demodulation is outputted. It is assumed that 
the IQ vector signal is outputted on a basis of frames 
configured in first communication apparatus 100. 
[0022] Based on the signal outputted from reception 

15 processing section 201, propagation path condition 
estimation section 210 estimates speed of a change in 
a propagation path condition, and outputs information 
indicating the speed of the change in the propagation 
path condition to communication quality estimation 

20 section 220. An index representing the speed of the 
change in the propagation path condition includes a fading 
pitch, moving speed of a mobile station, delay profile, 
fluctuation period of received signal power, and the like . 
[0023] Frame division section 221 divides the IQ vector 

25 signal outputted from reception processing section 201 
into one or a plurality of blocks at predetermined 
intervals. Herein, as shown in FIG . 4A, i t i s a s s umed t ha t 
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one reception frame is divided into eight blocks . Further, 
FIG.4B shows fluctuation of the received signal level, 
where the horizontal axis indicates time , and the vertical 
axis indicates the received signal level. The signal 
5 divided per block is outputted to pseudo error detection 
section 2 2 2. 

[0024] Pseudo error detection section 222 calculates the 
number of pseudo bit errors in a predetermined modulation 
scheme on the IQ vector signal per block outputted from 
10 frame division section 221, and outputs the number of 
pseudo bit errors PBE calculated per block to fading pitch 
estimation section 223. 

[0025] As a method of detecting pseudo bit errors, there 
are "Katsuaki ABE and other two, "A study on communication 

15 quality estimation scheme in adaptive modulation", 2002 , 
IEICE, General conference, B-5-99" and the like. This 
method of detecting pseudo bit errors is originally a 
technique for detecting pseudo bit errors in a modulation 
scheme which has a larger M-ary number than a modulation 

20 scheme which is being used in communication where the 
adaptive modulation technique is used in a pseudo manner, 
thereby providing an appropriate determination on 
switching to the modulation scheme which has a larger 
M-ary number . 

25 [0026] In general, under the same propagation path 
environment, a modulation scheme which has a larger M-ary 
number has a larger number of bit errors. Therefore, by 
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using the method for detecting pseudo bit errors, 
detection frequency of bit errors in a reception frame 
is higher than in the actually used modulation scheme. 
This means that the change in the propagation path 
5 condition in the reception frame can be estimated with 
higher accuracy. In this Embodiment , the number of pseudo 
bit errors in a case where communication for a signal 
per block is performed in 256QAM is calculated. 
[0027] Fading pitch estimation section 223 estimates a 
10 fading pitch in the propagation path used in the current 
communication, based on the number of pseudo bit errors 
PBE calculated per block outputted from pseudo error 
detection section 222. 

[0028] Herein, the fading pitch is an interval between 
15 points where the envelop of received wave substantially 
drops. As shown in FIG.4B, it can be regarded that the 
received signal level is high in a block with a small 
number of pseudo bit errors PBE, and, inversely, the 
received signal level is low in a block with a large number 
20 of pseudo bit errors PBE, and the fading pitch is thereby 
estimated from the interval between blocks with a large 
number of pseudo bit errors PBE. 

[0029] More specifically, an interval between blocks in 
which the number of pseudo bit errors PBE exceeds a 
25 predetermined threshold ths_e is obtained. For example, 
when ths_e = 30, in the case of FIG. 4, an interval between 
drops in the received signal level is an interval between 
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blocks 2 and 6, that is, four-block length. Herein, when 
one block length is T b seconds, the fading pitch is 1/4 
T b [Hz] . This value is outputted to average frame number 
setting section 231 in communication quality estimation 
5 section 220 as the fading pitch. In addition, when the 
fading pitch is random, the fading pitch may be calculated 
as an average value of intervals between blocks in which 
the number of pseudo bit errors PBE exceeds a predetermined 
threshold ths_e . 

10 [0030] Thus, propagation path condition estimation 
section 210 estimates the fading pitch from the received 
signal, so that it is possible to estimate the speed of 
the change in the propagation path condition. 
[0031] Communication quality estimation section 220 

15 measures the reception quality of the signal outputted 
from reception processing section 201 at predetermined 
time intervals. Based on the information of the change 
in the propagation path condition outputted from 
propagation path condition estimation section 210, 

20 communication quality estimation section 220 determines 
the number of frames for averaging the information of 
the reception quality, and averages the information of 
the reception quality of the determined number of frames. 
Then, communication quality estimation section 220 

25 outputs information of the averaged reception quality 
to transmission processing section 202. 

[0032] Based on the fading pitch outputted from fading 
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pitch estimation section 223, average frame number 
setting section 231 sets the number of frames for averaging 
N and outputs the number of frames for averaging N to 
average processing section 233. 
5 [0033] In other words, average frame number setting 
section 231 uses the relationship between the number of 
frames for averaging N the reception quality and the fading 
pitch. As shown in FIG. 5 , in the relationship between 
the number of frames for averaging N and the fading pitch, 
10 when the fading pitch is high, compared to the case where 
the fading pitch is low, the transmission efficiency tends 
to improve by increasing the number of frames for averaging 
N the reception quality. 

[0034] More specifically, the transmission efficiency 
15 improves by increasing the number of frames for averaging 
N in accordance with an increase of the fading pitch, 
and, inversely, the transmission efficiency improves by 
decreasing the number of frames for averaging N in 
accordance with an decrease of the fading pitch. For 
20 example, this characteristic is beforehand prepared as 
a table in average frame number setting section 231, and 
average frame number setting section 231 refers to the 
table according to a value of the fading pitch and sets 
the number of frames for averaging N. 
25 [0035] CNR estimation section 232 estimates a CNR value 
of a received signal in downlink from a received frame 
signal, and outputs the estimated CNR value to average 
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processing section 233. As a method for estimating a CNR 
value, for example, there is a method of estimating the 
value from dispersion conditions of I/Q vectors on the 
IQ plane that are obtained after quadrature demodulation 
5 of a received signal. 

[0036] According to the number of frames for averaging 
N outputted from average frame number setting section 
231, average processing section 233 calculates an average 
CNR value of the estimated CNR values of N frames, and 

10 thereby reduces the influences of estimated errors the 
CNR. Then, average processing section 233 outputs the 
average CNR value to transmission processing section 202. 
The average CNR value is calculated by equation (1) . 
[0037 ] 

15 [Equation 1] 

i t-(N-l) 

* 8 «=- 2> 7 « (i) 

Herein, s7 indicates a CNR value, s8 indicates an average 
CNR value, and N indicates the number of frames for 
ave raging . 

20 [0038] Transmission processing section 202 modulates 
data including the average CNR value, converts the data 
from the baseband frequency to the radio frequency, 
performs power amplification, transmits the result as 
a radio signal, and thereby reports the communication 

25 quality of downlink to first communication apparatus 100. 
[0039] Thus, second communication apparatus 200 
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estimates the fading pitch indicating the speed of the 
change in the propagation path condition, and based on 
the estimated fading pitch, determines the length of the 
term (the number of frames) for averaging the reception 
5 quality . 

[0040] A case will be described below specifically in 
detail where first communication apparatus 100 switches 
between three kinds of modulation schemes, QPSK, 16QAM 
and 64QAM, based on the communication quality (average 
10 CNR value) measured by second communication apparatus 
200 . 

[0041] In first communication apparatus 100, reception 
processing section 102 receives a signal transmitted from 
second communication apparatus 200, performs 

15 predetermined reception processing such as quadrature 
demodulation processing, synchronization processing on 
the received signal, and extracts an average CNR value 
indicating the communication quality of downlink to 
output to adaptive modulation control section 110. 

20 [0042] Threshold setting section 111 sets determination 
thresholds ths_l and ths_2 for use in determination to 
switch between modulation schemes to output to modulation 
scheme selection section 112. Herein, ths_l is a 
determination threshold for use in determination to 

25 switch between QPSK and 1 6 QAM, and ths_2 is a determination 
threshold for use in determination to switch between 1 6 QAM 
and 64QAM. 
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[ 0043] To be more specific, in this Embodiment, since 
average CNR value sll is used as the communication quality 
to be a criterion for switching between modulation schemes , 
the threshold is determined from the relationship between 
5 a CNR and BER. FIG. 6 is a graph showing the relationship 
between a CNR and a BER in each modulation scheme. For 
example, as shown in FIG. 6, when it is assumed to switch 
between modulation schemes so that the BER in the 
communication system does not exceed 10~ 3 , ths_l is set 
10 at 16.5dB, and ths_2 is set at 22.5dB ( ths_l= 1 6 . 5 dB , 
ths_2=22 . 5dB) . 

[ 004 4 ] Modulation scheme selection section 112 compares 
average CNR value sll with determination thresholds ths_l 
and ths__2, and thereby selects a modulation scheme for 

15 use in downlink. To be more specific, modulation scheme 
selection section 112 selects QPSK when average CNR value 
sll satisfies following equation (2) , selects 16QAM when 
average CNR value sll satisfies following equation (3), 
or selects 64QAM when average CNR value sll satisfies 

20 following equation (4) . Then, modulation scheme 
selection section 112 outputs modulation scheme 
information indicating the selected modulation scheme 
to adaptive modulation section 103 and indicates the 
modulation scheme to adaptive modulation section 103. 

25 [0 045] 

[Equation 2 ] 

sll<ths_l (2) 
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[ Equa t i on 3 ] 

ths _\ < s\\ < ths _2 (3) 

[0047] 
5 [Equation 4] 

ths_2<sll (4) 
[0048] Adaptive modulation section 103 modulates 
transmission data by the modulation scheme indicated by 
the modulation scheme information, and outputs the 
10 adaptive modulation signal to transmission processing 
section 101. 

[0049] Thus, according to Embodiment 1, the speed of the 
change in the propagation path condition is estimated 
from a downlink received signal, the length of the term 

15 for averaging reception quality is set according to the 
speed of the change in the propagation path condition, 
thereby increasing the reliability of the measurement 
result of the reception quality, so that it is possible 
to determine a modulation scheme to be switched to 

20 according to the reception quality with high accuracy. 
Accordingly, the transmission efficiency can be improved . 
[0050] A unit of frame used in communication is not 
particularly limited, and, for example, when 
communication is performed on a time-slot basis by time 

25 division multiplexing scheme, a unit may be a single time 
slot or formed with a plurality of time slots. 
[0051] Further, in this Embodiment, pseudo error 
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detection section 222 is configured to calculate the 
number of pseudo bit errors on a signal per block in this 
Embodiment, but this is by no means limiting, and pseudo 
error detection section 22 2 may be configured to calculate 
5 a pseudo bit error rate per block. Furthermore, pseudo 
error detection section 222 is configured to obtain the 
fading pitch based on the number of pseudo bit errors, 
but this is by no means limiting, and, for example, may 
be configured to calculate an actual bit error rate, or 
10 CNR and obtain the fading pitch based on a distribution 
of these values. 

[0052] Moreover, in this Embodiment, pseudo error 
detection section 222 is configured to calculate the 
number of pseudo bit errors in communication in 256QAM 

15 using a signal per block, but this is by no means limiting. 
It is only necessary to use the number of pseudo bit errors 
in a modulation scheme which has a larger M-ary number 
than the modulation scheme used in the received signal. 
For example, when the modulation scheme of the received 

20 signal is QPSK, the number of pseudo bit errors in the 
case of communication in 16QAM may be calculated. 
[0053] Further, in this Embodiment, the fading pitch is 
used as a parameter indicating the speed of the change 
in the propagation path condition, but this is by no means 

25 limiting, and, for example, moving speed of a mobile 
station, delay profile, and fluctuation period of 
received signal power may be used. 
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[0054 ] Furthermore, this Embodiment is configured to use 
a block unit divided by frame division section 221 in 
calculation of a fading pitch, but this is by no means 
limiting. For example , this Embodiment may be configured 
5 to calculate the fading pitch on a frame basis instead 
of a block basis. In this case, the number of pseudo bit 
errors is also calculated on a frame basis in pseudo error 
detection section 222. 

[0055] Still furthermore, in this Embodiment, 

10 communication quality estimation section 220 is 
configured to estimate the CNR as communication quality, 
but this is by no means limiting. For example, 
communication quality estimation section 220 may be 
configured to estimate the BER, FER, PER, received signal 

15 intensity or the like, may be configured to use a value 
obtained by averaging numbers of pseudo bit errors 
calculated per block by propagation path condition 
estimation section 210 over a number of (N) frames, or 
may be configured to estimate a plurality of types of 

20 communication quality. 

[0056] Moreover, in this Embodiment, the first 

communication apparatus is configured to make a 
determination to switch between modulation schemes, but 
this is by no means limiting, and adaptive modulation 

25 control section 110 of the first communication apparatus 
may be disposed in the second communication apparatus. 
FIG. 7 shows a configuration of second communication 
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[ 0057 ] As shown in FIG. 7, it is only necessary to have 
a configuration in which average CNR value s8 outputted 
from average processing section 233a is inputted to 
5 modulation scheme selection section 112a in adaptive 
modulation control section 110a. 

[0058] In such a configuration, modulation scheme 
selection section 112a compares an average CNR value 
inputted from average processing section 233a with a 

10 threshold inputted from threshold setting section Ilia, 
and selects amodulation scheme. Then, modulation scheme 
selection section 112a outputs the modulation scheme 
information indicating the selected modulation scheme 
to transmission processing section 202a, and transmission 

15 processing section 202a transmits the modulation scheme 
information to first communication apparatus 100a. 
[0059] In first communication apparatus 100a, as shown 
in FIG. 8, reception processing section 102 extracts the 
modulation scheme information from the received signal, 

20 and based on the extracted modulation scheme information, 
adaptive modulation section 103 performs modulation 
processing on transmission data . By this means , in uplink, 
even when an amount of information that can be transmitted 
is small, and a large amount of information such as a 

25 CNR value cannot be transmitted, adaptive modulation can 
be performed . 

[ 0060 ] Further, in this Embodiment, a modulation scheme 
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for use in uplink is not particularly limited, and any 
modulation scheme can be used that enables to transmit 
data more reliably. For example, BPSK and QPSK may be 
used . 

5 [0061] (Embodiment 2) 

Embodiment 2 of the present invention describes a case 
where the condition of a downlink propagation path is 
estimated, a parameter indicating the communication 
quality to be a criterion for switching between modulation 

10 schemes is selected according to an estimation result, 
and the modulation schemes are switched based on the 
estimation result by the selected parameter of the 
communication quality. In addition, in this Embodiment, 
a communication path from first communication apparatus 

15 700 to second communication apparatus 800 is referred 
to as downlink, while a communication path from second 
communication apparatus 800 to first communication 
apparatus 700 is referred to as uplink. 

[0062] FIG. 9 is a block diagram illustrating a 
20 configuration of second communication apparatus 800 
according to Embodiment 2 of the present invention. In 
addition, it is assumed that data is transmitted on a 
predetermined frame basis in downlink. In FIG. 9, 
reception processing section 801 receives a radio signal 
25 transmitted from first communication apparatus 700, and 
performs predetermined processing on the received signal 
such as amplification, frequency conversion, 
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determination of modulation scheme, quadrature 
demodulation, detection, error correction, and error 
detection. Then, reception processing section 801 
outputs an IQ vector signal subjected to quadrature 
5 demodulation to frame division section 221 and CNR 
estimation section 232, and further outputs an error 
detection result per reception frame to FER estimation 
section 822 . 

[0063] Quadrature demodulation section 811 performs 
10 quadrature demodulation on the radio signal transmitted 
from first communication apparatus 700, acquires the IQ 
vector signal, and outputs the IQ vector signal to coherent 
detection section 812, frame division section 221 and 
CNR estimation section 232. 
15 [ 0064 ] Coherent detection section 812 performs coherent 
detection processing on the IQ vector signal outputted 
from quadrature demodulation section 811, and outputs 
bit data to error detection section 813. 

[0065] Error detection section 813 performs error 
20 correction and error detection processing on the bit data 
outputted from coherent detection section 812 using error 
correction codes and error detection codes added in first 
communication apparatus 700, and outputs an error 
detection result per reception frame to FER estimation 
25 section 822 . 

[0066] Communication quality estimation section 802 
estimates the communication quality by a plurality of 
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estimation methods from the IQ vector signal outputted 
from quadrature demodulation section 811 and the error 
detection result outputted from error detection section 
813 in reception processing section 801 . In other words, 
5 communication quality estimation section 802 selects a 
parameter indicating the communication quality to be a 
criterion for switching between modulation schemes 
according to the fading pitch. Communication quality 
estimation section 802 estimates the communication 
10 quality of downlink using the selected parameter, and 
outputs information indicating the selected parameter 
and the estimation result by the selected parameter to 
transmission processing section 202. 

[0067] The parameter indicating the communication 
15 quality includes a BER, FER, CNR, PER, received signal 
intensity and the like. In this Embodiment, the CNR and 
FER are estimated, and based on the fading pitch, one 
of the CNR and FER is selected. 

[0068] Based on the fading pitch outputted from fading 
20 pitch estimation section 223 in propagation path 
condition estimation section 210, communication quality 
selection section 821 selects a parameter indicating the 
communication quality to be a criterion for switching 
between modulation schemes, and outputs information 
25 indicating the selected parameter to switching section 
823 and transmission processing section 202. 
[ 0069] In this Embodiment, the CNR and FER are used as 
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parameters indicating the communication quality, and 
generally, the CNR can indicate the communication quality 
more strictly than the FER. However, the fading pitch 
is higher in the propagation path, the fluctuation in 
5 envelop of the received signal and the fluctuation in 
the phase become fast for a frame length, and it becomes 
difficult to compensate amplitude and phase of the 
received signal, and therefore accuracy in CNR estimation 
may deteriorate . Meanwhile, the FER has less reliability 
10 as the communication quality than the CNR, but can be 
estimated by the presence or absence of bit errors in 
a reception frame. 

[ 0070 ] In other words, the FER counts errors as one frame 
error regardless of the number of errors occurring in 

15 the frame, and has a characteristic of being less subject 
to the influence of the fading pitch and synchronization 
error. Tobe more specific, when the fading pitch is lower 
than a predetermined threshold ths_f, as shown in FIG. 11A, 
the CNR is selected as a parameter of communication quality . 

20 Inversely, when the fading pitch is higher than the 
predetermined threshold ths_f, as shown in FIG.11B, the 
FER is selected as a parameter of communication quality. 
[0071] Based on the IQ vector signal outputted from 
quadrature demodulation section 811 in reception 

25 processing section 801, CNR estimation section 232 
estimates the CNR of the received signal in downlink, 
and outputs the estimated CNR value to switching section 
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823 . 

[0072] Based on the error detection result per frame 
outputted from error detection section 813 in reception 
processing section 801, FER estimation section 822 
5 estimates the FER and outputs the estimated FER value 
to switching section 823. As a method of estimating the 
FER, for example, when an error occurs in a frame, the 
number of error frames f_err is counted, and the total 
number of reception frames f_all is counted, and FER 
10 estimation value s26 is estimated from equation (5) . 
[0073] 

[Equation . 5 ] 

sl^L^L (5) 
f _all 

[0074] Switching section 823 receives the parameter 
15 information outputted from communication quality 
selection section 821, selects the parameter indicating 
the communication quality indicated by the parameter 
information, and outputs the est imation result (selection 
estimation result) by the selected parameter to average 
20 processing section 825. 

[0075] Average processing section 825 performs average 
processing on the selection estimation result outputted 
from switching section 823 using the past N frames of 
selection estimation values based on the predetermined 
25 number N, and outputs average estimation value sl3 that 
is an average value of selection estimation values to 
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transmission processing section 202. To be more specific, 
average estimation value sl3 is calculated by equation 

(6) . 

[007 6] 
5 [Equation 6] 



[0077] Transmission processing section 202 performs 
predetermined transmission processing on the parameter 
information outputted from communication quality 

10 selection section 821 and the average estimation value 
outputted from average processing section 825, outputs 
the transmission signal, and thereby reports the 
parameter used as the communication quality of downlink 
and the average estimation value to first communication 

15 apparatus 700. The predetermined transmission 

processing includes, for example, frequency conversion 
processing, amplification processing and the like. 
[0078] The case will specifically be described below 
where based on the parameter information and the like 

20 transmitted from second communication apparatus 800, 
first communication apparatus 700 switches between three 
modulation schemes, QPSK, 16QAM and 64QAM. 
[0079] FIG. 10 is a block diagram illustrating a 
configuration of first communication apparatus 700 

25 according to Embodiment 2 of the present invention. In 
FIG. 10, reception processing section 701 receives a 



i t-(N-l) 



(6) 
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signal transmitted from second communication apparatus 
800, and performs frequency conversion, quadrature 
demodulation processing, synchronization processing and 
the like on the received signal. Then, reception 
5 processing section 7 01 extracts the parameter information 
used in estimation of the communication quality of 
downlink and the average estimation value of the parameter 
from the received signal, and outputs the parameter 
information to threshold setting section 721 and the 
10 average estimation value to modulation scheme selection 
section 722. Herein, it is assumed that the parameter 
information indicates the FER. 

[0080] Adaptive modulation control section 702 sets a 
determination threshold for use in determination to 

15 switch between modulation schemes according to the 
parameter information, compares the average estimation 
value with the determination threshold, and thereby 
selects a modulation scheme for use in downlink by first 
communication apparatus 700, and outputs modulation 

20 scheme information indicating the selected modulation 
scheme to adaptive modulation section 103. 
[ 008 1 ] Threshold setting section 721 sets determination 
thresholds ths_3 and ths_4 for use in determination to 
switch between modulation schemes according to the 

25 parameter information to output to modulation scheme 
selection section 722. Herein, ths_3 is a determination 
threshold for use in determination to switch to a 
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modulation scheme which has a smaller M-ary number than 
a currently used modulation scheme, and ths_4 is a 
determination threshold for use in determination to 
switch to a modulation scheme which has a larger M-ary 
5 number than a currently used modulation scheme. For 
example, ths_3 is set at 0.5, and ths_4 is set at 0.1 
(ths_3=0.5, ths_4=0.1) . 

[0082 ] Modulation scheme selection section 722 compares 
the average estimation value with sizes of determination 

10 thresholds ths_3 and ths__4, and thereby selects a 
modulation scheme for use in downlink. To be more 
specific, modulation scheme selection section 722 selects 
a modulation scheme which has a smaller M-ary number than 
a currently used modulation scheme when the average 

15 estimation value sl9 satisfies equation (7) . For example , 
QPSK is selected when the current modulation scheme is 
16QAM, and 16QAM is selected when the current modulation 
scheme is 6 4 QAM . In addition, when the currently used 
modulation scheme is a scheme (QPSK in this Embodiment) 

20 which has the smallest M-ary number among selectable 
modulation schemes, since it is impossible to select a 
scheme which has a smaller M-ary number than the current 
modulation scheme, the current modulation scheme is 
continuously selected. When equation (8) is satisfied, 

25 a modulation scheme being used at this point is selected 
continuously. Further, when equation (9) is satisfied, 
a modulation scheme which has a larger M-ary number than 
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a currently used modulation scheme is selected. For 
example, 64QAM is selected when the cur rent -modulation 
scheme is 16QAM, while 16QAM is selected when the current 
modulation scheme is QPSK. In addition, when the 
5 currently used modulation scheme is a scheme ( 6 4 QAM in 
this Embodiment) with the largest M-ary number among 
selectable modulation schemes, since it is impossible 
to select a scheme which has a larger M-ary number than 
the current modulation scheme, the current modulation 
10 scheme is continuously selected. 
[0083] 

[Equation . 7 ] 

s\9<ths_3 (7) 

[0084] 
15 [ Equation . 8 ] 

ths_3 <s\9<ths_4 ( 8 ) 

[0085] 

[Equation . 9] 

ths_4<sl9 (9) 

20 [0086] Thus, according to Embodiment 2, the second 
communication apparatus selects a method of estimating 
communication quality based on the change in the 
propagation path condition and reports the communication 
quality estimated by the method of estimating 

25 communication quality to the first communication 
apparatus, and the first communication apparatus selects 
a modulation scheme based on the communication quality. 
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It is thereby possible to select the modulation scheme 
more suitable for the propagation path condition so that 
the transmission efficiency can be improved. 
[0087] In addition, in this Embodiment, pseudo error 
5 detection section 222 is configured to calculate the 
number of pseudo bit errors per block, but this is by 
no means limiting, and, for example, pseudo error 
detection section 222 may be configured to calculate a 
pseudo bit error rate per block, or may be configured 
10 to calculate an actual bit error rate, a CNR or the like. 
Further, an estimated fading pitch is used as a parameter 
indicating the propagation path condition, but this is 
by no means limiting, and, for example, delay spread may 
be used. 

15 [0088] Further, in this Embodiment, reception 

processing section 801 is configured to perform coherent 
detection, but this is by no means limiting, and, reception 
processing section 801 is only required to enable 
demodulation of the received signal, and, for example, 

20 may be configured to perform delay detection, instead 
of coherent detection. 

[0089] Furthermore, in this Embodiment, in FIG. 9, 
threshold setting section 721 is configured to set a 
threshold for the FER. However, when communication 
25 quality selection section 821 selects the CNR as a 
parameter of communication quality, threshold setting 
section 721 can be configured to set a threshold 
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corresponding to the CNR, and modulation scheme selection 
section 722 can substitute the CNR in a determination 
method for switching between modulation schemes. Also 
when another parameter is selected, the operation is 
5 carried out in the same way as in the foregoing. 

[0090] Still furthermore, in this Embodiment, first 
communication apparatus 700 is configured to make a 
determination to switch between modulation schemes, but 
this is by no means limiting, and adaptive modulation 
10 control section 702 of first communication apparatus 700 
may be disposed in second communication apparatus 800. 
FIG. 12 shows a configuration of second communication 
apparatus 800a in this case. 

[0091] As shown in FIG. 12, the average estimation value 
15 outputted from average processing section 825a may be 
inputted to modulation scheme selection section 722a in 
adaptive modulation control section 702a, and the 
parameter information outputted from communication 
quality selection section 821a may be inputted to 
20 threshold setting section 721a. 

[0092] In such a configuration, threshold setting 
section 721a sets determination thresholds for use in 
determination to switch between modulation schemes 
according to the parameter information and outputs it 
25 to modulation scheme selection section 722a. Modulation 
scheme selection section 722a compares the average 
estimation value inputted from average processing section 
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825a with the thresholds inputted from threshold setting 
section 721a, and thereby selects a modulation scheme. 
Then, modulation scheme selection section 722a outputs 
the modulation scheme information indicating the selected 
5 modulat ion s cheme to transmissionprocessing section 202a, 
and transmission processing section 202a transmits the 
modulation scheme information to first communication 
apparatus 700a. 

[0093] First communication apparatus 700a has the same 
10 configuration as the configuration as shown in FIG. 8, 
and operates in the same way as described in Embodiment 
1. By this means, in uplink, even when an amount of 
information that can be transmitted is small, and a large 
amount of information such as a communication quality 
15 estimation value cannot be transmitted, adaptive 
modulation can be performed. 

[0094] Further, this Embodiment can be implemented by 
combining with Embodiment 1. Furthermore, this 

Embodiment can be implemented by a program. 

20 [0095] (Embodiment 3) 

Embodiment 3 of the present invention describes a case 
where the condition of a downlink propagation path is 
estimated, and according to the estimation result, 
threshold setting section 1021 sets a determination 

25 threshold for use in determination to switch between 
modulation schemes. In addition, in this Embodiment, a 
communication path from first communication apparatus 
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1000 to second communication apparatus 1100 is referred 
to as downlink, and a communication path from second 
communication apparatus 1100 to first communication 
apparatus 1000 is referred to as uplink. 
5 [0096] FIG. 13 is a block diagram illustrating a 
configuration of second communication apparatus 1100 
according to Embodiment 3 of the present invention. In 
addition, it is assumed that data is transmitted on a 
predetermined frame basis in downlink. In FIG. 13, 

10 communication quality estimation section 1101 estimates 
communication quality in downlink from an error detection 
result outputted from error detection section 813 in 
reception processing section 801, and outputs an 
estimation result of communication quality to 

15 transmission processing section 1102. The parameter 
indicating the communication quality includes a BER, FER, 
CNR, and the like, and in this Embodiment, the FER is 
used . 

[0097] Based on an error detection result outputted from 
20 error detection section 813 in reception processing 
section 801, FER estimation section 1111 estimates the 
FER and outputs the FER estimation value to average 
processing section 1112. 

[0098] Average processing section 1112 averages the FER 
25 estimation value outputted from FER estimation section 
1111, and outputs the averaged FER estimation value 
(average e s t ima t ion value s 1 9 ) to t r ansmi ssionprocessing 
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[0099] Transmission processing section 1102 performs 
predetermined transmission processing on the fading pitch 
outputted from fading pitch estimation section 223 and 
5 average estimation value sl9 outputted from average 
processing section 1112 in communication quality 
es t imat ion section 1101, outputs the t r ansmi ssion signal, 
and thereby reports the propagation path condition and 
the communication quality of downlink to first 

10 communication apparatus 1000. The predetermined 

transmission processing includes, for example, frequency 
conversion processing and amplification processing. 
[0100] The case will specifically be described below 
where, based on the parameter information and the like 

15 transmitted from second communication apparatus 1100, 
first communication apparatus 1000 switches between three 
modulation schemes, QPSK, 16QAM and 64QAM. 
[0101] FIG. 14 is a block diagram illustrating a 
configuration of first communication apparatus 1000 

20 according to Embodiment 3 of the present invention. In 
FIG. 14, reception processing section 1001 receives a 
signal transmitted from second communication apparatus 
1100, and performs frequency conversion, quadrature 
demodulation processing, synchronization processing and 

25 the like on the received signal. Then, reception 
processing section 1101 extracts average est imat ion value 
si 9 of the communication quality in downlink and the fading 
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pitch indicating the propagation path condition from the 
received signal, and outputs average estimation value 
sl9 to modulation scheme selection section 1022, and the 
fading pitch to threshold setting section 1021. 
5 [0102] Adaptive modulation control section 1002 sets a 
determination threshold for use in determination to 
switch between modulation schemes according to the fading 
pitch, compares average estimation value sl9 with 
determination threshold, thereby selects a modulation 
10 scheme for use in downlink by first communication 
apparatuslOOO, andoutputsmodulations cheme inf or ma t i on 
indicating the selected modulation scheme to adaptive 
modulation section 103. 

[0103] Basedonthe fadingpitchoutputted from reception 
15 processing section 1001, threshold setting section 1021 
set s determination thresholds ths_l_a , ths_l_b, ths_2_b, 
and ths_2_a for use in determination to switch between 
modulation schemes to output to modulation scheme 
selection section 1022. 
20 [0104] As shown in FIG. 15, ths_l__a is a determination 
threshold for use in determination to switch from QPSK 
to 16QAM, and ths__l_b is a determination threshold for 
use in determination to switch from 16QAM to 64QAM. 
Further, ths_2_a is a determination threshold for use 
25 in determination to switch from 16QAM to QPSK, and ths_2__b 
is a determination threshold for use in determination 
to switch from 6 4 QAM to 1 6QAM . 
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[0105] To be more specific, when the FER is used as an 
index for use in determination to switch between 
modulation schemes, as shown in FIG. 16, a determination 
threshold for a modulation scheme that maximizes the 
5 transmission efficiency tends to decrease as the fading 
pitch is higher, and inversely, the determination 
threshold tends to increase in accordance with a decrease 
of the fading pitch. Accordingly, threshold setting 
section 1021 makes a determination threshold when the 

10 fading pitch is high, smaller than a determination 
threshold when the fading pitch is low. This is 
equivalent to making it harder to switch to a high-speed 
modulation scheme in accordance with an increase of the 
speed of the change in the propagation path condition. 

15 For example, threshold setting section 1021 beforehand 
prepares this characteristic as a table, refers to the 
table according to a value of the fading pitch, and sets 
a threshold. 

[0106] Modulation scheme selection section 1022 

20 receives average estimation value sl9 outputted from 
reception processing section 1001 and determination 
thresholds ths_l_a, ths_l_b, ths_2_b and ths_2_a 
outputted from threshold setting section 1021, compares 
threshold estimation value sl9 with sizes of 
25 determination thresholds ths_l_a, ths_l_b, ths_2_b and 
ths_2_a, and thereby selects a modulation scheme for use 
in downlink by first communication apparatus 1000. To 
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be more specific, modulation scheme selection section 
1022 selects QPSK when average estimation value sl9 
satisfies equation (10) or equation (11), 16QAM when 
average estimation value sl9 satisfies equation (12) or 
5 equation (13), or 64QAM when average estimation value 
sl9 satisfies equation (14) or equation (15) . Then, 
modulation scheme selection section 1022 outputs 
modulation scheme information indicating the selected 
modulation scheme to adaptive modulation section 103. 
10 [0107] 

[Equation . 10 ] 

s\9<ths_\_a ( 10 ) 

[0108] 

[Equation .11] 
15 sl9<ths_\_b (11) 

[0109] 

[Equation . 12 ] 

ths_\_a<s\9<ths_2_a (12 ) 

[0110] 
20 [Equation . 13 ] 

ths_\_b<s\9<ths_2_b (13) 

[0111] 

[Equation . 14 ] 

ths_2_a<s\9 ( 14 ) 

25 [0112] 

[Equation .15] 

ths 2 b<s\9 (15) 
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Threshold setting section 1021 sets these thresholds 
ths_l_a, ths_l_b, ths_2_b and ths_2_a according to the 
fading pitch. 

[0113] Thus, according to Embodiment 3, by estimating 
5 the speed of the change in the propagation path condition, 
setting determination thresholds for use in determination 
to switch between modulation schemes according to the 
speed of the change in the propagation path condition, 
and selecting a modulation scheme based on a comparison 

10 result between the determination threshold and an 
estimation value of downlink communication quality, it 
is possible to select a modulation scheme more suitable 
for the propagation path condition, so that the 
transmission efficiency can be improved. 

15 [0114] In addition, a unit of frame used in communication 
is not particularly limited, and, for example, when 
communication is performed on a time-slot basis by time 
division multiplexing scheme, a unit may be a single time 
slot or a frame formed with a plurality of time slots. 

20 [0115] Further, in this Embodiment, propagation path 
condition estimation section 210 is configured to 
calculate the number of pseudo bit errors on a signal 
per block, but this is by no means limiting, and, for 
example, propagation path condition estimation section 

25 210 may be configured to calculate a pseudo bit error 
rate per block, or may be configured to calculate an actual 
bit error rate, CNR or the like. Further, an index 
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representing the condition of propagation path is the 
fading pitch, but this is by no means limiting, and, for 
example, delay spread may be used. 

[0116] Moreover, in this Embodiment, first 

5 communication apparatus 1000 is configured to make a 
determination to switch between modulation schemes, but 
this is by no means limiting, and adaptive modulation 
control section 1002 of the first communication apparatus 
may be disposed in the second communication apparatus. 
10 FIG. 17 shows a configuration of second communication 
apparatus 1100a in this case. 

[0117] As shown in FIG. 17, it is only necessary to have 
a configuration in which the average estimation value 
outputted from average processing section 1112a is 
15 inputted to modulation scheme selection section 1022a 
in adaptive modulation control section 1002a, and the 
fading pitch outputted from fading pitch estimation 
section 223a is inputted to threshold setting section 
1021a . 

20 [0118] In such a configuration, threshold setting 
section 1021a sets determination thresholds for use in 
determination to switch between modulation schemes 
according to the fading pitch to output to modulation 
scheme selection section 1022a. Modulation scheme 

25 selection section 1022a compares the average estimation 
value inputted from average processing section 1112a with 
sizes of the thresholds inputted from threshold setting 
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section 1021a, and selects a modulation scheme. Then, 
modulation scheme selection section 1022a outputs 
modulation scheme information indicating the selected 
modulation scheme to transmission processing section 
5 1102a, and transmission processing section 1102a 
transmits the modulation scheme information to first 
communication apparatus 1000a. 

[0119] First communication apparatus 1000a has the same 
configuration as the configuration as shown in FIG. 8 , 

10 and operates in the same way as described in Embodiment 
1. By this means, in uplink, even when an amount of 
information that can be transmitted is small, and a large 
amount of information such as a communication quality 
estimation value cannot be transmitted, adaptive 

15 modulation can be performed. 

[0120] Further, this Embodiment can be implemented by 
combining with Embodiment 1 or Embodiment 2 . Furthermore, 
this Embodiment can be implemented by program. 
[0121] (Other Embodiments) 

20 Above-mentioned Embodiments 1 to 3 describe the case where, 
when communication is performed using single-carrier 
modulation signals, the speed of the change in a 
propagation path condition is estimated, and a switching 
control scheme for modulation schemes is selected based 

25 on an estimation result, but the present invention is 
not limited to this. 

[0122] For example, the present invention is applicable 
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to the case where communication is performed using 
multicarrier signals, instead of single-carrier 
modulation signals, where adaptive modulation is 
performed in QPSK or M-ary QAM as primary modulation, 
5 and as secondary modulation, for example, an orthogonal 
frequency division multiplexing (OFDM) scheme is 
performed . 

[0123] As a switching control method for the multicarrier 
signal, for example, a propagation path condition 
10 estimation section estimates the propagation path 
condition per subcarrier, and it is thereby possible to 
estimate whether frequency selective fading occurs on 
the propagation path. 

[0124] To be more specific, under circumstances where 
15 drops in reception power per frequency component due to 
fading occur frequently in a band of the multicarrier 
signal, the circumstances can be estimated as an 
environment where a multipath with equivalently large 
delay spread exists, and it is possible to change the 
20 control method according to the estimated propagation 
path condition. 

[0125] As an example of a change of the control method, 
for example, as in Embodiment 1, the number of frames 
for use in estimation of communication quality is set 
25 according to the propagation path condition. 

[0126] More specifically, under circumstances where a 
large number of drops occur in reception power per 
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frequency component, the number of frames for use in 
estimation of communication quality may be controlled 
to increase, and inversely, the number of frames for use 
in estimation of communication quality may be controlled 
5 to decrease when a small number of drops occur in reception 
power per frequency component. Otherwise, in the case 
of a system where adaptive modulation is controlled 
independently of each subcarrier, control is performed 
separately on subcarriers with drops in reception power 
10 and other subcarriers without drops, and particularly, 
control may be performed to change the above-mentioned 
number of frames. 

[0127] Further, as in Embodiment 2, a parameter 
indicating communication quality to be a criterion for 

15 switching between modulation schemes may be selected. y 
[0128] Furthermore, as in Embodiment 3, a determination 
threshold for use in determination to switch between 
modulation schemes may be set based on an estimation result 
of the propagation path condition. More specifically, 

20 when a large number of drops occur in reception power 
per frequency component, a determination threshold is 
set so that a modulation scheme which has a smaller M-ary 
number is selected, and inversely, when a small number 
of drops occur in reception power per frequency component, 

25 a determination threshold is set so that a modulation 
scheme which has a larger M-ary number is selected. 
[0129] In the operation as described above, when 
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communication is performed using the multicarrier signal, 
it is possible to obtain the same influences as in 
Embodiments 1 to 3. 

[0130] Further, the inventions as described in 

5 Embodiments 1 to 3 are applicable to a signal subjected 
to code division multiplexing by spread spectrum as 
secondary modulation. At this point, when a signal 
subjected to despreading is configured on a predetermined 
frame basis, by substituting the signal subjected to 
10 despreading for IQ vector signal s4 as described in 
Embodiments 1 to 3, it is possible to obtain the same 
influences as in Embodiments 1 to 3. 

[0131] Furthermore, the present invention is applicable 
to a signal subjected to frequency hopping processing 

15 as secondary modulation. 

[0132] Moreover, the present invention is not limited 
to the above-mentioned Embodiments, and can be 
implemented with various modifications. For example, 
the above-mentioned Embodiments describe the case where 

20 the present invention is implemented as a communication 
apparatus, but this is by no means limiting, and the 
communication method can be implemented as software. 
[0133] For example, a program for executing the 
above-mentioned communication method may be stored 

25 beforehand in a ROM (Read Only Memory) and may be operated 
by a CPU (Central Processor Unit) . 

[0134] Further, a program for executing the 
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above-mentioned communication method may be stored in 
a computer readable storage medium, the program stored 
in the storage medium may be recorded in a RAM (Random 
Access Memory) of a computer, and the computer may be 
5 operated according to the program. 

[0135] A first aspect of present invention is a 
communication apparatus having: a propagation path 
condition estimator that estimates speed of a change in 
a propagation path condition; a communication quality 

10 estimator that changes a method of estimating the 
communication quality based on the speed of the change 
in the propagation path condition and estimates 
communication quality; a transmitter that transmits the 
communication quality estimated in the communication 

15 quality estimator to a communicating party; a receiver 
that receives data modulated in a modulation scheme 
determined based on the communication quality by the 
communicating party; and a demodulator that demodulates 
the data . 

20 [0136] A second aspect of present invention is a 
communication apparatus having: a propagation path 
condition estimator that estimates speed of a change in 
a propagation path condition; a communication quality 
estimator that changes an estimation method based on the 

25 speed of the change in the propagation path condition 
and estimates communication quality; a threshold setter 
that sets a criterion to select a modulation scheme for 
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use in communication with a communicating party from a 
plurality of modulation schemes based on information of 
the speed of the change in the propagation path condition; 
a modulation scheme selector that selects a modulation 
5 scheme from the communication quality by the criterion 
set by the threshold setter; and a transmitter that 
transmits information indicating the s e 1 e ct ed modula t i on 
scheme to the communicating party. 

[0137] A third aspect of the present invention is a 
10 communication apparatus in the above-mentioned aspect 
wherein the communication quality estimator makes the 
length of the term for averaging the communication quality 
when the change in the propagation path condition is fast 
longer than the length of the term for averaging the 
15 communication quality when the change in the propagation 
path condition is slow, and averages the information of 
the communication quality to estimate. 

[0138] According to these configurations, by estimating 
the speed of a change in a propagation path condition 

20 of a received signal, and changing a method for estimating 
communication quality according to the speed of the change 
in the propagation path condition, it is possible to select 
a modulation scheme more suitable for the propagation 
path condition so that the transmission efficiency can 

25 be improved. 

[0139] A fourth aspect of the present invention is a 
communication apparatus in the above-mentioned aspect 
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wherein the communication quality estimator estimates 
the communication quality by a plurality of estimation 
methods, and selects the communication quality estimated 
by one of the plurality of estimation methods based on 
5 the speed of the change in the propagation path condition. 
[0140] According to this configuration, a receiving side 
selects an estimation method for the communication 
quality based on the change in the propagation path 
condition, and reports the communication quality 

10 estimated by the selected estimation method to a 
transmitting side. The transmitting side selects one of 
a plurality of modulation schemes based on the 
communication quality, and transmits a signal in the 
selected modulation scheme. It is thereby possible to 

15 select the modulation scheme more suitable for the 
propagation path condition so that transmission 
efficiency can be improved. 

[0141] A fifth aspect of the present invention is a 
communication apparatus in the above-mentioned aspect 

20 wherein the communication quality estimator estimates 
the communication quality by a plurality of estimation 
methods, and an estimation method to be selected when 
the speed of the change in the propagation path condition 
is faster than a predetermined threshold, estimates a 

25 longer length of the term than an estimation method to 
be selected when the speed of the change in the propagation 
path condition is slower than the predetermined 
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threshold . 

[0142] A sixth aspect of the present invention is a 
communication apparatus in the above-mentioned aspect 
wherein the communication quality estimator estimates 
5 the communication quality by a plurality of estimation 
methods, and estimates a frame error rate when the speed 
of the change in the propagation path condition is faster 
than a predetermined threshold, while estimating a 
received power to noise ratio when the speed of the change 
10 in the propagation path condition is slower than the 
predetermined threshold. 

[0143] According to these configurations, by estimating 
the speed of the change in the propagation path condition 
of a received signal, changing a determination criterion 

15 for switching between modulation schemes according to 
the speed of the change in the propagation path condition, 
selecting a modulation scheme based on the communication 
quality, and transmitting data in the selected modulation 
scheme, it is possible to improve the transmission 

20 efficiency. 

[0144] A seventh aspect of the present invention is a 
communication apparatus having: a receiver that receives 
information of speed of a change in a propagation path 
condition estimated by a communicating party; a threshold 

25 setter that sets a criterion to select a modulation scheme 
of a signal to be transmitted to the communicating party 
from a plurality of modulation schemes based on the 
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information of the speed of the change in the propagation 
path condition; a modulation scheme selector that selects 
a modulation scheme based on the criterion set by the 
threshold setter and reception quality of a signal 
5 received in the communicating party; an adaptive 
modulator that modulates data in the modulation scheme 
selected in the modulation scheme selector; and a 
transmitter that transmits the modulated data by a radio 
signal . 

10 [0145] An eighth aspect of the present invention is a 
communication apparatus in the above-mentioned aspect 
wherein the threshold setter sets the criterion so that 
the modulation scheme is harder to be switched in a 
threshold when the speed of the change in the propagation 

15 path condition is fast than in a threshold when the speed 
of the change in the propagation path condition is slow. 
[0146] According to these configurations, by estimating 
the speed of the change in the propagation path condition 
of a received signal, and changing a method of estimating 

20 communication quality according to the speed of the change 
in the propagation path condition, it is possible to select 
a modulation scheme more suitable for the propagation 
path condition so that the transmission efficiency can 
be improved. 

25 [0147] A ninth aspect of the present invention is a 
communication apparatus in the above-mentioned aspect 
wherein the propagation path estimator divides the 
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received signal into predetermined data sizes, detects 
fluctuation in reception quality on a basis of divided 
data, and thereby estimates the speed of the change in 
the propagation path condition. 
5 [0148] According to this configuration, even under a 
communication environment where the propagation path 
changes within a single frame, it is possible to 
appropriately estimate the speed of the change in the 
propagation path condition and therefore select a 
10 modulation scheme more suitable for the propagation path 
condition so that the transmission efficiency can be 
improved . 

[0149] A tenth aspect of the present invention is a 
communication method wherein: a receiving side estimates 

15 speed of a change in a propagation path condition, changes 
a method of estimating communication quality based on 
the speed of the change in the propagation path condition, 
estimates communication quality, and transmits 
information of the estimated communication quality and 

20 information of the speed of the change in the propagation 
path condition to a transmitting side; the transmitting 
side receives the information of the communication 
quality and the information of the speed of the change 
in the propagation path condition transmitted from the 

25 receiving side, sets a criterion to select a modulation 
scheme of a signal to be transmitted to the receiving 
side from a plurality of modulation schemes based on the 
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information of the speed of the change in the propagation 
path condition, selects the modulation scheme based on 
the set criterion and the communication quality of a signal 
received at the receiving side, modulates data in the 
5 selected modulation scheme, and transmits the modulated 
data by a radio signal; and the receiving side receives 
the data modulated in the modulation scheme determined 
by the transmitting side, and demodulates the data. 
[0150] An eleventh aspect of the present invention is 

10 a communication method wherein: a receiving side 
estimates speed of a change in a propagation path condition, 
estimates communication quality, changing an estimation 
method based on the speed of the change in the propagation 
path condition, sets a criterion to select a modulation 

15 scheme of a signal for a transmitting side to be transmitted 
to the receiving side from a plurality of modulation 
schemes based on the speed of the change in the propagation 
path condition, selects a modulation scheme from the 
communication quality of a received signal by the set 

20 criterion, and transmits information indicating the 
selected modulation scheme to the transmitting side; the 
transmitting side receives the information indicating 
the modulation scheme selected at the receiving side, 
modulates data in the selected modulation scheme, and 

25 transmits the modulated data by a radio signal; and the 
receiving side receives the data modulated by the 
transmitting side in the selected modulation scheme, and 
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demodulates the data. 

[0151] According to these configurations, by estimating 
the speed of the change in the propagation path condition 
of a received signal, and changing a method of measuring 
5 communication quality according to the speed of the change 
in the propagation path condition, it is possible to select 
a modulation scheme more suitable for the propagation 
path condition so that the transmission efficiency can 
be improved. 

10 [0152] The present application is based on Japanese 
Patent Applications No. 2004-096569 filed on March 29, 2004, 
and No . 2005-077580 filed on March 17, 2005, the entire 
contents of which are expressly incorporated by reference 
herein . 

15 
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[0153] The present invention is suitable for use in a 
communication apparatus and communication method in a 
communication system where modulation schemes are 
20 adaptively changed according to the communication quality 
of a propagation path. 



